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ABSTRICT [transcribed verbatim from English original]

\3

Fragments larger than 4 xb from SausA: partial digested plasmid
DNA of Baci. lus thuringiensis subsp. kepyae 71404 as well as subsp.
kurstaki HD-, were cloned respectively iuto the BamH I site of
PBRaz2. Based cn the results of in situ colony hybridization,
radioinamune screening and Westesm-blot analysis, four transformants
containing the corréspondinq/§¥endotoxin gene and producing proteins
reacted with crystal protein antibody were selected. Upon
biological toxicity tests, out of three transformants tested, the
lysate of one transformant TX89 carryinq<§}§hdotoxi_ ne of 8.7.
7407 and two transformants TH12 and TH48 carrying endotoxin gene
of HD-: were toxic to caterpillars of tobacco budworam (Heliotkis
assulta). This is the first time to have cloned the<85endotoxin
gene nf B.T. subsp Ltenyae different in serotype with the well
stucieu subsp. kurstaki, -Xey words: Bacillus thuringiensis; DNA
cleaing, (§rgndotexin, ~ .44, J1°) &

Translator's notes:
For binliographic references, sees page 14.
For explanatican of plate [pot included], see page 14.

Notes in original:
The crystal protein and the antisera vere privided by 2ai Cheng, Feng
Xichang, and Van Jig of the Academia Sinica Institute of Zoology. Ziang
Stufang and Xie Zhang)iang participated in the toxicity assay. VYang
daozhou of the Academia Sinica Instituty of Microbiology and Li Zhanggong
of the Chinese University Jf Science and Technology particivatad in a
portion of the work. We wish to thank them all at this time.

This study is a topic subsidized by the National Science Committes.




ABSTRACT {translated frem Chinese originall

Plasaids of Bacillus thuringiensis subsp. keayae 404 and
Bacillus thuringiersis subsp. kurstaki HD., were isclated. Through
in situ gel hybridization, we have shown that the 5-endotoxin gene
of B.t. subsp. kenyae 7404 is located on a plasmid about 47 Md in
size. Using the sucrose concentration gradient centriiugal method,
we isolated DNA fragments larger than 4 kb from SauzA; partially
digested plasmid DNA of the two B.t subspecies. We cloned these

ragments on the Bam HI site of pBRazz, and transformed £.coli
HB1e1. Through methods like in situ colony hybridization, in situ
colony radicimmune testing, and Western blot analysis, genes
carrying 5-endotoxin were selected, as well as transfcrmants that
could express this toxic protein in E.coli. Initial biological
tests show that among four tested transformants, the transforamant
TXss, carrying the kenyae subsp. S6-endotoxin gene, and transformauts
TH:2 and THes, carrying the kurstaki subsp. S-endotoxin gene, had a
toxic effect on the tobacco budwora (Heliothis assulta).

Bacillus thuripgiensis is a positive Gelanshi (transliteration] bacteriua
that is able to form spores. Vhile foirming spores, it also produces a kind of
semi-spore cyrstal protein, ¢-endotoxin. A large portion of the seli-spore
crystal protein of B.thuringiensis has a toxic effect. In order to underatand
better and make use of this crystal protein, in recent years, as the
technology for genetic engineering developed, several laboratories have
undertaken cloning of the 3-endotoxin of different subspecies of
B.*huripgiensis and have obtained expression oi B.thuringiepsis in E.coli
bacteria [1-3].

The toxic proteins produced by different subspecies of B8.tAuringiensis
show differences in their toxicity and range of insecticidal capability [4,5].
In comparison with the JA.thuriagiensis subspecies kurstaki HD.: (hereafter
called sirply HD-1), which i{s internationally in the most widespread use and
has been investigated the most clearly, the tenyre 7404 subspecies (hereafter
callad the 7404) that has been isolatad in China belongs to a different blood
serum group, Héadc. Its range of insecticide capabilities and toxicity, in
comparison with HD.,, are at times even highar [¢]. This paper reports on the
p.asmid DNA isolated from HD.., and 7404, and compaces the distribution and
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scsitisn of 3-endotoxin genes in two kinds of plasmas of diffarent origins.
™

The DNA fragment carrying the ®-endctoxin gene was isolated and cloned.
I. MATERIAL AND METICD

A. Material

1. Bacteria strains: The B.thuringiensis subsp. kurstaki HD-; and
kenyae 7404 were provided by the Institute of Zoology of the Acadeaia Sinica;
Tha 7404 was collected and isolated by the Iastitute of Zoology.

2. Biochemical reagents: For the restricting endcnuclease and the other
aodified nuclease, we chiefly used BRL products or products purchased from the
Juamei Company. The 3staphylccoccus protein A is a Sigma product. The Nat28]
and y=33p-ATP are Amersham products. The CsCl was purchased froa the Huamei

Ccapaany or is a recovered and purified precduct of our own laboratory.

2. The B.tiuringiensis crystal protein and its antisera were supplied by

the Institute for Zoology.
3. HMethods
1. Extraction of plasmid DNA anud in situ gel hybridization:

(a) Extraction of B8.thuringiensis plasmid CNA: This was iaplemented with
reference to the mathod of Kronstad et al. [6] for extracting large plasmias.

The extraction of recombinant plasmids was undertakea by the alkali method
{71.

{b) Preparation of 5-andotoxin gene probes: Using an Applied Biosysntems
CNA synthesizer we synthesized isolated nucleotides of 25 nucleotides 3situated
cn the B.thuringliensis subsp., kurstaki HD..(-Dipel crystal protein gene EcoRI
¥ fragment. After 16% polyprcpylene acyl amine-urea gel electrophoretic
purification, we used T4 aultiple nucleotide stimulating enzymes and y-Jip-

e |
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ATP to undertake marking according to the methocd presented by Maniatis and
others [7]. These marxed isclated nucleotides are the prcbes used for DNA

molecule hybridization.

{c} In situ gel hybridization. After electrophoresis of the
D.thuringiensis plasmid DNA on 0.8% agarose gel, we undertcock in situ gel
bybridization according to the Kidd methou [8]. The probes used for the
hybridization were the above-mentioned 32P aarked isolated nucleotide

fragments.

2. Isolating and cloning of the enzyme section: About 20 ng of
B.thuringiensis plasmid CNA and 0.15 units of Sauad:, according to the
2anufacturer's racoamendations, vere subject to partial digestion at a
temperature of 37°C for 15 minutes. After the digestion, the specimen was
centrifuged for 20 hours at 15°C and 68,000 x g at 5-40% sucrose concentration
gradients; then DNA fragments collected at positions of diffzrent
ccncentraticn were distributed. Each distribution of 10 1l was subjected to
1% agarcse gel w~lactrophoresis; the sizs of tlLe DNA fragments was checked, and
for the distributions that were gathered and merged that contained DNA
fragaents larger than 4 kb, the DNA was reccvered by ethanol pracipitation and
dissolved in a T buffer solution. After electrophoresis testing, it was
estimated that the recovered DNA concentration was 0.2 pg/ul.

The pBRaza carrier Bam HI was digested and dephosphorized according to
the method described in "Molecular Cloniag™ (7). £E.coli HBie: sensitive state
cells wvare proepared according to the method of Alexander et al. [9]. About
0.%ug of DNA fragments recovered by sucrose concentraticn gradieat
centrifuging and 0.2 ng of pBRyza, with 3am HI digested and dephosphorized,
under the effect of T4 UXA linking eanzyse, were left overnight for linking
reaction at 4°C. Regarding the [F.coli HBie: that were transforamed according
to the method of Alexander at al. [9], those which were trarsforaed vere
salected on an ammonia banzyl penicillin plate; on a tetracycline plate,
transfornants that may have had DNA {nserted from an extraheocus source were

selected,
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3. Hybridization of B.tluringiensis: We took the clcnes that we

obtained in our transformation experiments that were sensitive to tetracycline
and placed thes on a amaonla benzyl penicillin LB plate. Using a
nitrccellulcsé filter membrane, we covered the plate and incubated it
overaight at 37°C. Then we processed the filter aembrane according to the
aethod of Southern (10)]. Before initial hybridization, we placed the filter
meabrane in 3 x SSC at £5°C overnight. We undertook initial hybridization at
42°C for S hcurs (iaitial hybridization fluid: 6 x SSC, 0.05% scorched sodiuna
shosphate, 1 x Denhardts solution, 0.5% 5DS, 100 ng/=l denatured fish semen
ONA). Hybridizatiocn was carried cut for 20 hours at 42°C (the hybridization
liguid was similar to the initial hybridization liquid, except that it did not
contain SDS, and probe material was added to a conceatratica 1x10¢ cpm/ml.
fter hybridization, there were two washings at 42°C in 6 x SSC and 0.05%
scorched sodiua phoasphate and tvo washings at 42°C ia 2 x SSC and 0.1% 50§

attar drying at room tamperature, ve inmplemented autoradiography.
4. In situ colceny radioimmune assay and vVestern blot analysis.

(a) Preparation ct B.thuringiensis crystal protein antisera adsorbed
using 2.coll and its dacteriolytic fluid: 450 4l of ;BRa22/BBiox cells
incubated overnight aand 0.3 =l of 7404 crystal protein antiserum aixed
together were suspended in 100 ml of P3S (137 mmol/L NaCl, 2.7 mmol/L KCl, 4.5
2201/0L NagHPO4, and 1.5 mmol/L, KHaPO«) and left overnight at 4°C. Aftar 8,000
rzm contrifuging, the sujernatant was extracted., To another 450 al batch of
sBERaza/UBies culls that wvas incubated overnight was added 50 al of splitting

luid (0.0% mol/L Tris-ACl pH 7.5, 12.5 mg bacteriolytic enzyme): tuis was
ai1xed evenly aud left for 10 minutes at room temperature, put on ice for 1
wsur, and then frczen and selted three tizes and contrifuged 20 minutes at
3,000 rpm; the supernatant was extracted. To J) al of each of these two kinds
sf supernatant wvas added !) al of ?B3; after even aixing it was left at 4°C
nvernight. After 20,0C0 G centrifuging at 4°C for 1 hour, the supernatant vas
recovered, and Xept ready for use at ¢°C. The plasms dilute after adsorption

processing was nearly 1,000 told.




{5) In situ colony radioiamune assay: As for the in situ colony
hvbridization, the colony is reimprinted con a nitrocellulose zeabrane and
iacudated overnight at 27°C. Then it is subjected to slight izmprovement with
rafarence to the nethod of Erlich et al. [11]. After that, bacteriolytic and
izzune reactions are undertaken. TFor the iamune reaction, we placed the
filter membrane with the colony in PBS containing 18 BSA and 8. thuringlensis
crystal protein aniisera diluted to 1:2,0C00 (after pBRiz2z/FE.coll BBiot
adsorption) and vitzrated it for 2 hours at room teamperaturs, causing the
colony to adserd the antisera. After vashing the filter aembrane with PBS
fzur times, ve placed the filter membrane ia PBS that contained 1% BSA and
10%cra/al of protein-h that had been !231 aarked using the ammcnia-amine T
nethod (11], ard vibrated it at rocs teaperaturs for 2 hours. Firally, ve
washed it five tizes with PB8S; ve could then undertake autoradiography.

{c) Vestera blot analysis: VYe prepared the clone bacteria general
protein sample in accerdancs wich the metlod of Thorae et al. [12]. The SCS-
solypropyiene acyl amize gel electrophoresis of the protein was carried out
according to the nethod of Laemmli [13], except that we used a 10N
polypropylene acyl amize-3D03 linking gel. After electrophoresis, with
rafarence to the methcd of Towhin et al {14], we transferred the protein
el2ctrophoresis strip to the Z-probe memabrana. The transfer buffer solution
vas 25 amol/L Tris and 1932 amol/L glycin:. with a pH of 8.3, After transfer,
we placed the Z-probe membrane in PBS contttnihq 10% BSA and left it overnight
at 43°C. Ttre combining reaction with antisera and '?%I-garked protein A was
carried out according to the method descridbed in the section on "In situ

colony radioiamune assay.”

5. Biological assay of cloned bacteria toxicity. As for the section on
“in sity colony radioiamune assay,” we used the freeling and thaving method to
Jrepare the cloned bacteria and the pBRyse/L.coli bacteriolysate. Veighing
sut 3O m@ of bacteriolysate, we 2ddad 2n appropriate amount of distilled water
to dissolve it, and added {t to man-made feed (0.5 x 0.5 x 0.1 cu?). This ve
fnd 1ndividually to 10 sacong-atege caterpillars of the tobacco budwora

(&




{(Jeliothis assulta); or smeared it ¢n the surface of 5C0 =g of corn leaves and
fed it to 20 third-stage specimens of lLeuca separtsa. V¥We set 4p a control with

an equivalent amount of ;BR3z22/4HBioe1r Dbac:iz2riolysate. After 72 hcurs of

SRR ﬁ-‘ia‘l& oy

coservation we reccrded tlhe growth aud sor:ility conditicns of the

axyariaental i11sects. e respeated each set of experizents two times.

Ii. REICULTS AND DISCUSSICN

A. Isolaticn of B.thuringieasis Plasaid and In Situ Gel Hybridizatioa

3.thuringiensis has over 20 subspecies. The number of plasaids contained
5y different subspecies shows dissimilarities, but in general it is between 2
and 12. Their S-endotoxin gene code is on one or several large plasmids [15].
Ve extracted the plasmid DNA from B.tluriagiessis HD-: and 7404 accordiang to
the method described by Xronstad (6] for extracting large plasaids. Plate I-A
[\ranslator's note: 2late was not included in the msterial r.ovided, but
ccaments o0 the plate can be fcund con page 14] shows the slectrophoresis for
these two kinds of plasmius., As siaown in the figure, the electrophoresis of
plasaid DONA extracted from HD-: bas at least ten relatively clear plasaid
strips (shown by "2 in plate I-A; its size and number are ccsparable with the
results obtained by Xroanstad et al. {6]. 3" in plate I-A shows the
electrophoresis of 7404; it has at least seven plasanid strips. The plasaid of
7424 and HD-y are basically similar; the dif{ference is only that at locations
4.3 N4 and JO M4 HD., has two x'rips whila 7404 only has one strip; at about
150 H4, AD-, has one plasmid stri) and 7424 has two plasmid strips. The
results of in situ gel bybridization autnradiography are provided {a plate I-
D, showing that the large plasmids 47 H4A azd 150 M4 have ap odvious
hybridization with the ?Tp-mnarked synthetic prodes (2" {n plate I-D). This
approaches the results of Xronstad et al. (11, sic)]: The results of Xronstad
tnclude the appearance at location 47 M4 of tvo hybrid stcips (approximately
44 4 snod 47 nd4), while t‘he results of this paper oaly shov one strip. This
may be because the solacular weight of these tvo plasmids are similar and
cannot be separated. Ia 7404 plasmif DNA there is one hydridized strip (47
M4, "1” oa plate [-D): this shows that he S-endotogin gene of 7404 is very

~



rossibly carried by the 47 ¥4 rlasaid. 7The DNA probe and ;BRzz2: shew no
&
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ybridizaticn ("1" ¢a plate I-2), azd in the electrophoresis caly the lightly-
ved strip HD-1 150 Md larje plasaid aprears to f2ature visible hybridization
{"%7 in Plate I-D}. This fict shows that the synthetis gene prcie has an

icsyncratic nature. Plates I-A and I-D are the same gel; the difference iL

the size of the photographs is a rasuit of dif2erent enlargement factors.
3. Isolation and Clcaiag of Zazyue Sections.

The S-endctoxin of 3.thuringiensis is jenerally about 4 ki {16, 17]. In
order to obtain a ccaplete toxic protein gene, we used Sauadr on 7404 and BD.
siasmid INA to undertake par:ial dijestiua. Then we undertccok isclation oa
the partially digested fragments usia¢ the C-40% sucrose gradient centrifugal
uethod. late I-C shows the 1% agarcse electrophoresis of scattered collected
saaples atter centrifuging; the distridution from large to small of the enzyne
seztions is rather evea, and it can be seen that the partial digestion
reaction’'s ~~nditicns are suitadls. Tortions containing fragmeats larger than

4 b vere pooled and the INA vas vecovered by ethscol precipitatioa (lane 15
13 plate I-C).

The INL samples larger thaa 4 kh recovered by sucrose gradient were aixed
at J:1 with 5' end dephosphorized pBRypxe Bam AT digested frayments; linking
wvas undertaken with T4 CNA linking enzymes, and chen K.coli 4Bie: sensitive
state cells were transforsed. Trom about 5,000 Aap” 9D., 3-endotorin gene
~icnes, 1,750 clones sensiti-e to tatracyclice vere obteined; {rca about 5,000
~ap7 7404 3-endocoxin gene clones, 1,750 clones also sunsitive to tetracycline
wers selected. By neans of rapid plasaid sampling extraction and
elactrophoretic tes.ing. 1% was 4i:covered that the maiority of clones
sansitive to tetracycline carrted plasaids iat> which had been ingerted
extranecus DNA larger than ¢ Xb,

i e




C. Ia 3itu Colony dybridizaticn.

we undertookx 1a situ colcony hyhridiiation with 32p-marxed S-endotoxin
2ce probes on clones sensitive to tetracycline. late I-Y shcows the results
=% 18 situ hydbridization autoradicgrapay for 7404 S-endotoxin gene clones.
Althouzh the nom-spucifis hybridizatica produced a reiatively deep background

‘r31s may be secause the initial washing of nitrocellulose membranes bearing

colcnies was insufficient, or because after hybridization they were not washed

thsroughly), nevertheless the positive hybridization and the pon-spacific
Lysridization colonies featured obvious differencas. the cloaes of dD-i

=.a3m1d CNA fragments alsc had sisilar odvious in situ colcay aytridization

results {unpublished material). After the above hybridizatica, 133 positive

“viridization clcnes were selected frcm 1,750 7404 clones sensitive to
tatracycline; and SO positi-e hydridizstioa clones were selected froa 1,750

"Z-~lcnes sensitive to tetracycliine.

J. Ia situ Colcny Radioimmune Assay and Westarn Blot kpalysis

I preparing tas axperiment, we discovered that (he 3. tiuringiensis 7404
~rystal oroteian‘s antisera vere also adle to generate immune reactions with
E.-0l]1 5Miey or HB1ey bacteriolysates with pBR3IIZ. This greatly affected the
s;ecific oature of ‘Ne ismune reaction. This kiod of aon-specitic reacticn
347 be a result of the presence of K.coli antidodies in the rabbits used to

sr-4uce the antisera. The use of ;BRaxs/F.coll HBia: cells and their cell

splitting supernatant i{n sequence with the 7404 crystal protein antisera mixed

+szether to adsord tha FK.coli satidodies in the antisera is thus able to

a':minate this noa-specifis reactica (refar to Flate I-F and G).

"late I-P shows the tesults of undertaking the in situ colony radioimaune

assay on the sbove-described positive hybridization for 7404 crystal protein
s2%i1ea and '3%I-marked proteia A. Froa tde 7404 $-endotoxin gene clones of
*.e in sity coluny positive hydridization vere selected 74 positive lmmune
rezction clones; ia the same vay, 20 positive immune reaction clones wvere

tolected ‘row the %D., clones. In the sutorsdiograply, the di{f{fernonce in the

9
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depth of the stains of the positive clones perhaps reflected the difference in
the level of the S-endotoxin gene reached in each clone. It may also be
because of the difference in the number of cells in each colony. For this
reason, it can only be regarded as a qualitative assay. It was also possible
to undertake immune reactions for the 7404 crystal protein antibodies with HD-
1+ endotoxin gene clone strains; this showed that the toxic proteins of these
two kinds of bacteria feature a similar antigen determinant cluster.

Plate I-B is the electrophoresis of the positive immune reaction portion
of cloned plasmid DNA. Analysis of the other positive immune cloned plasaid
electrophoresis also produced similar results, showing that all positive
imnune clones have extraneous DNA insertions larger than 4 kb. Therefore,
these clones may carry intact 3-endotoxin genes or at least the relevant
portion of coded antigen genes.

In order to compare corresponding anouﬂts and molecular weight of all
irmune positive clones expressing 3-endotoxin proteins, we used the cell
splitting material of each clore to undertake SDS-polypropylene acyl amine gel
electrophoresis and Western blot analysis. After electrophoresis, we used
Yaomasi [transliteration] bright blue dye; it was possible to see in the
electrophoresis that several clones had a weak toxic protein dye strip. This
is explained by the fact that 3-endotc.in genes are expressed rather weakly in
E.coli. Ve transferred the protein strip in the gel by electrophoresis to a
2-probe membrane, and undertook radioimmune assays. The results showed that
there were four clonss that produced very deep autoradiographs in the in situ
radioimmuna assay that likewise were able to form specific immune reaction
strips in tne Vestern blot. Their molecular weight was the same as for 7404
toxic protein (130 k). These four clones were HD-, toxic protein gene clones
THiz and THee and 7404 toxic protein gene clones TKeeo and TXio2. Plate I-G is
the Western blot autoradiography including these four clones. It can be seen
that the toxic protein of one 7404 clone, TKiis, expression amount is too
small to be detected on the autoradiograph; the TKes and TKior expression
aaounts were small- and the TXas, TKios, THiz and TH«e all had obvious toxic
protein strips. The TH«e toxic protein also had a certain splitting,

10




producing about 65 kd of polypeptide. The 3~endotoxin proteins expressed by
these clones were all in the range of about 130 kd, the same as for the toxic
protein molecular weight of 7404 and HD.:. Because the samples used for
electrophoresis were the supernatant of the clored bacterial cells’ splitting
product, although the volume used was the same in all cases (6 ul),
nevertheless ve did not measure the density of the protein, so only a relative

comparison is possible.
E. Biological Assay of Cloned Bacteria Toxicity.

The results of assays of toxicity Table 1. Toxicity assay of clones.
on Heliotkis assulta and Leuca separta
(Table 1, Fig. 1) show that the TH;2 and

Aliadd M

THso cloned bacteria toxic protein genes S Em".m" TKa pHRm/l’g"!f.t)‘

are expressed rather vell, and Pad a T . I

strong toxic effect on the experimental fﬁiﬂv‘ A ..

insects; the expression of TKes was not AT % R _

so strong as THis and THes, but still ﬁ&vﬂﬁ S

killed a small percentage of the

insects, and clearly produced the Yote: ++++ means strongly toxic to
e insects tested; ~ means non-toxic to

phenomenon of growth inhibition. The {nsects tested. Key: (1) Control.

body weight of the surviving TKes

L.separta specimens was 1/3 the weight of the pBRszz/HBie1 control group. The
TKee group also had a clear growth-inhiditing effect on H.assulta (data not
yet measured). Although the number of specimens was quite large, the food
intzke of the experimental group of larva was very small before the occurrence
of the toxic reaction, after which food intake ceased. Initial estimates are
that the toxicity of the toxic protein produced by cloned bacteria is
comparable to the toxicity of the original A.thuringiensis crystal protein.

The results described above are explained by the fact that the HD., and
7404 toxic protein gene has been cloned and is able to express protein with
biological activity.



P |

Fig. 1. Toxicity assay of clone TXss carrying S-endotoxin gene cf ,
B.thuringiensis 7404. A. Larvae of H.assulta fed with diet containing lysate
preparation of pBR322/Z.coli BBie1; B. Larvas of E.assulta fed with diet
containing lysate of preparation of clone TKes. (Pictures wvere taken after 43
hours fseding on the diet).
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EXPLANATION OF PLATE

Gel electrophoresis of CsCl sradient purified Bacillus thuringiensis
plasmid DNA on 0.8% agarose gel.

Lane 1. pBR1IZ2.
Lane 2. Plasaids from 5.7T. subsp. kurstaki HD-:.
Lane ). Plasaids from 3.7, subsp. tenyae 7404.
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The numbers on the left indicate the sizes in Mdal of B3.7r. HD-; plasmids.
The white dots on the right of lane 2 and 3 indicate the plasmids
hybridized with probe in D.

Gel electrophoresis of some recombinant plasmids from coloniesz with
positive reaction in radiciamune screening. “TX" designates the clones
of S-endotoxin gepne of B.7T. subsp. kenyae 7404. "TH" designates the
clones of S-endotoxin gene of 3.T. subsp. kturstaki HD-:.

Lanes 1-5: Clcnes TXs«, TX1¢2, TK7s, TXe3, TXs7.

Lanes 6-12: Clones THso, TH«es, THasa, THz?, TH3a, TH2s and THzs.

Lanes 13 and 14: pPSSTa«2s, a plasaid of 10.5 Xb in size and pBRazz
respectively used as MW markers.

Lanes 15-13: Clones THie, THis, THia, THi:.

Lanes 19-23: Clones THi, TKos, TKiszs, THs, TKss.

Gel electrophoresis of DNA fragments of SauaA: partial digested 5.7T.
subsp. kenyae 7404 plasmid DNA in diffarent fractions of sucrose
gradient.

Lane 1: A-Hind III marker.

Lane 2: Plasaid DNA from 3.F. subsp. 7404.

Lane 3: The 3ame plasmid as in lane 2, but partially digested with
Sauszld;.

Lanes 4-14: ©DNA fragments in different fractions of sucrcse gradient.

Lane 15: DNA fragments from pocled fractions containing fragments
larger than 4 kb.

In situ hybridization of agarose gel froa A as described in Materials and
methods., Saaples in lane 1, 2 and 3 vere the saae as that in A. The
nuabers on the right indicate ths size of plasmids hybridized with tip-
labelled 3-endotoxin gene probde.

In situ colony hybridization: Colonies on nitrocellulose membrane were
hybridized with 33p-labelled probe and autcradiographed.

In situ colony radioimmuno-assay: Colonies hybridized with ?%p-probe in
E were incubated with antisera against 3-endotoxin of B8.r. 7404 and t23eI-
protein A and autoradiographed.

Wastern blot analysis of proteins produced in 5-endotoxin gene clones.

1-9: Lysate of clone THis, THes, TKes, TKirs. TXi01, TXio0t, TXes,
PBR3ss/HBies and S-endotoxin of B8.TF. 7404.

The numbers on the right indicate the sizes of protein molecular weight

ot S-endotcxin.




CLCNING AND EXPRESSICN COF THE HEAT-LABILE ENTEROTOXIN GENE CF AN
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DKA of the heat-labile enterotoxin (LT) plasamid pJYi:
originating from H10407, an euterotoxigenic Escherchia coll human
strain, vas digested to completion with PstI. The location of the
LT regiocn on this plasmid was deterained by means of Southern
hybridization after electrophoretically separating the resulting
fragmeats. The 5.3 kb LT-encoding fragment determined in the above
hybridization experiment was then recovered and subsequently ligated
to pUCs ONA predigested with Pstl. After transformation and
selection, a clone that efficiently expressed LT was obtained.
Biological and immunological assays showed that LT produced by tlhis
clons was bioclogically and immunologically identicsl to that bv the
perental strain, and LT production lavel of thiz recombinant strain
was 16 times higher. Key words: ETEC; ucat-ladile enterotoxin;
cloning and expression.

Enterotoxigenic ZLscherchia coli (ETEC) is an importaant pathogesnic
bacterium causing infantile diarrhea and traveller's diarrhea. 1Its :oxic

tactors are chiefly its adhesive elament and its enterotoxic el2ment. After
ETEC has invaded the humaa body, it first established residence in the upper
tracts ¢f the small intestine, and then secretes enterotoxins, inducing

diarrhea.

Translator's notes:
For bibliographic references, see Dage 22.
Yor explanations of the plate [not included], see page 23.

Notes in original:
Nan Li and othevs provided yreat assistance in the cytological
experiments; Zhang Zhaoshan and others provided beneficial guidance in
this work. At this tise we wish to thank them all.
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The heat-labile enterotoxin (LT) of ETEC is composed of cne A subunit

with an activation efiect on glandular glucoside acid riny-forming enzymes and
five B subunits with a combining effect [1]. It has been verified that the
criginal immunological nature of ETEC pathogenic strains isolated in different
regions is completely iden;ical. The LT genes of human and s¥ine ETEC also

have a broad siamilarity ia their criginal nature [2,3].

The Japanese scholar Yamamotc et al. were the first to report, in 1980,
the cloning of the huaan ETEC LT gene; he. also undertook studies of its
structure [1,4]. But it vas in China that the zolecular genetics and
epideaiology of ETEC were to be studied in depth. On the basis of the
isolation and purification of the Z.ccli H10407 LT code plasmids, we achieved
cloning and expression of its LT gene. The toxic gene cicne cbtained not only
provides assistance in the survey of ETEC epidemiology, but also has laid a

foundation for immune protecticn for traveler's diarrhea.
I. MATERIALS AND METEODS
A. Materials

1. Bacteria strains: K.coll JMss (ara, A lacpro, striA, thi,
$80dlacZ M15)was the intestinal bacillus Kia receptor bacterium. &K.coli
2050 (pJY.1) vas the bacterium strain carrying the Z.coli H10407 LT code
piasaid, kindly provided by Dr. T. Yamamoto of the Shuatiantang
(transliteration) University in Japan. £.coli H10407 is the internationally
recognized standard strain of human ETEC. X.coll JMes (pUCe) i3 the carrier
plasaid pUCe carvier strain.

2. Bacteria culture medium: Comaca LB culture medium; toxin production
culturn base, prepared according to the literature (5]; and NacConkey lactoses
culture medium, a product of the Academy of Military Medical Sciences
Laboratory Number 5.
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3. Restricting endonuclease etc.: EccRI, Hiad IXI, PstI, Xbal I T4DNA

ligation enzymes were products of the Huamel Biological Engineering Company.
The low melting-point agarose IPTG was a product of the Sijma Company. The LT
antisera were purchased froa tha Shanghai Sanitation and Epidemic Prevention
Station. The 32p-marked swine ETEIC LT gene probe was supplied by iAssistant
Professor Yu Shouyi of the First Military Medicine University.

3. Methods

1. The preparation of the DNA and the construction 2nd analysis of the
reccabinant plasaid: Extraction of the plasaid DNA was undertaken according
to a2 modified Birnboim alkali transformation method [6]. For the digestion of
restricting endonuclease and DNA extecrnal ligation and agarose gel
electrophoresis, see the method doscribed in reference (3]. Transformatioa of
the DNA was carried out according to the method of Mandel and Higa (1379).
Southern nucleic acid imprinting technology was carried out by the method of
E. Southern (7). For INA fragment recovery, we used the low melting-pcint

agarose aethod.

2. The LT :e-itipished product preparation and the passive iw Tune
Lemclysis (PIH) test: Carried out per reference {8].

J. Testing of toxic biological activity: The domestic rabbit intestinal
ligated loop assay and Chinese hamster ovary (CHO) cell assavs were carried
cut according to references (9] and (10], respectively.

II. RESULTS ANWD DISCUSSION
A. Position Fixing of LT Gene

After completely digesting purified LT encoded lurge plasmid pJYi: with

restricting enzyme Pstl, ve loadad it oo 0.7% agarose gel. Using the Tris-

boric acid buffer system vith a voltage of 10 V/ca, we carried out
alectrophoresis for 3 bhours to isolate the DNA fragments. Using 0.5 mol/L
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KaCH, after transforming the TNA fragments on the agarose gel, we used the E.

Southern method to transfer it to a nitrocellulose membrane. Then we
hybridized it with a swine ETEC LT gene probe [11] (containing a porticn of
the A subunit position and ail B subunit position code sequences). The
results showed (Plate I-1) that the pJYi1: third PstI strip was able to
hybridize with the probe. Further, the experiment verified that these
fragments were all about 5.3 kxb. It showed that the LT gene was positioned on
2 5.3 kb PstI fragment of the pJY:i: plasaid.

B. Cloniag cf the LT Gene

Using PstI, we coapletely digested pJY:i: plasmids carrying LT genes; then
ve loaded thea on 0.7% low melting point agarose gel and undertook
electrophoresis isolation. Afrter dying witd 0.5 pg/ml of ethidium bromide, we
excised the third Pstl strip under a long wave ultraviolet lamp. After
melting the gel entirely at 65°C, we performed phenol extraction and alcohol
precipitation. Ve aixed 0.3 pg of the recovered DNA with 0.5 pg of pUCeDNA
which had previously been coapletsly digested witi Pstl, and performed
ligation at 14°C with T4DNA ligation enzyme for 18 hours. The ligated
coapound wvas used for the tracaformation of sensitive-state £.coli JMs3 cells.
On a MacConkey lactose culture medium plate (containing 100 pg/al ammonia
Lenzyl penicillin: furtbher, 10 ul of 0.1 maol/L IPTG solution was smeared on
the plate surface), we selected 100 strg}ns of anti-ammonia benzyl penicillina
shite colonies featuring extraneous DNA inserts. Ve randomly extracted 42
strains and undertook passive iamunity hemolysis (PIH) testing. The results
vore that 22 strains were PIH test positive. Thma SPA coordinated
agglutination results were identical with those of the PIH test. From the 23
PIH positive strains, we extracted 10 and undertook plasmid analysis, showing
that the plasaids carried by all strains vere larger than the carrier PUCs.
The explanation surely is that they have extraneous DNA i{nsertions. The
plasmid of purified racoubinant X.coli JMes (pCHP21), after coaplete Pstl
enzyme diasection, bears out that it is possible to produce $.3 kb and 2.7 Xb
fragments. After transformation of this DNA on agaross gal, we used the
Southern wethod to transfer it 20 a nitrocellulose filter membrane; only 5.)
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kb fragments were able to hybridize with the swine ETEC LT gene procbe. The
explanation is that pCHP2;1 is surely a recoabinant plasaid with the iasertion
of a 5.3 kb LT rragment. The other type of fragment produced by digestion is
a carrier pUCe; therefore it is not able to hybridize with the LT probe. 1In
addition, we undertook EcoRI, PstI, and Xbal enzyme unitary and crisscross
enzyne dissection apalysis on pCHP21, using the DNA fragments produced by

A CNA via EcoRI and Bind III digesticn

as the molecular weight standard. Ve

measured the size of each fragaent \
produced; results are shown on Plate 2T \ i}f-\\\
I-1. The construction of pCBPi2: is ; }L?ﬁ;,‘:
showvn in Fig. 1. . / \ ;j”ifw
, \‘\~g;:L;’({/
: : Pt
: [ARE¢ !
C. LT Gene Expression N
. TN
f——r :'!\\
The results of restriction analysis i \\ Vi

and Southern nucleic acid i{aprinting
show that pCHP:: 1is surely a recombinant

plasmid carrying an LT gene fragment.
But what are, in fact, are the
conditicus in which pCHPa.: expresses LT
ia the host bacterium? To anawer this,

e I SRR D

PSS

we undertook semiquantitative -
neasuresent of the LT produced by the
ricombinant £.coli JMes (pCHP2i1). The
results of the passive immune hemolysis
experiment (Table 1) show that this cloned stiain’'s LT production is 16 times
as great as that of its parent strain, XK.coli H10407.

Pig. 1. Schematic diagram for the
construction of pCBPs:. E: EcoRI:
P: Pstl; X: Xbal.

Using the Chinese hamster ovary cell assay and the adult rabbit
intestinal ligated loop assay, ve undertook biological activity tests on the
LT prediced by the LT clone strafa. Activated LT causes the ChiuLese hamster
ovary cells to undergo sorphological changes, showing anoticealle changes in
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length. In the rabbit intestinal ]

X1 FIHIMZISARLT=RAIM

igated loop assay, activated LT Tabie 1 TSe LT fiers of mrams ia PIH test

causes the intestinal section treated

X3 (Vien
with that toxin to produce noticeable Yt HuGa  dAmta
acczugpulations c¢f fluid (greater than ;;:nina Cerostant
izl/ca). The results of the tests E}?ﬁééﬁ;’ it Visz
(plate I-2 and I-3) show that the E.colt Hizear 18 NDe
crude toxia preparation of E.coli E£%¥d3a3 e ~D
SMas (pCHP21) and the culture Eyfﬁ%jf" ND . ND I
supernatant, like the ZE.coli H10407, ND*®: Not detectadie ( 247D ‘
are all able to cause cells to
prcduce positive morzhological changes, and at the saze tirme to produce a
£1uid accumulation in intestinal segments treated with toxin preparaticns.
The Z.coli JMas (PUCs) culture supernatant used as a control was not able to ,
induce the above changes. PYurther experizentation showed that the above toxic v
effect can be neutralized by LT antiserum specificity or destroyed by boiling
at 100°C for 10 ainutes. The explanation is sursaly that the morphologicel ,H
changes of the cells is induced by heat-labile enterotoxin. E |

We used external LNA recoabinatiocn technology to isolate the LT gene from
F.coli H10407 LT code plasmid pJYii. and inserted it into the unitary PstI
pocsition of the pUCs carrier. The LT produced by the recoabinant product had

coaparable imsunity and diological activity as that produced by the parent
strain Hiee:; further, its level of expression was 1b6 times that of the parent
straia's. Bacause the LT gene f{ragments in recombinant plassid carry a
activator ([PTG exhibits a ncn-induction effect with regard to the cloned
stratia LT), we deduce that the elevation of the LT expression level is a
result of the increase in the recoadbinant plasaid copy number. That
constructed by our laborztorv expresses the svine dysentery epidemic vaccine
strains of tvo antigens, K83ac and LT-B. Large scale experimentation shows
that they have a rather good protective effect [12]. For this reason, the
racovery of human LT gene clones will necessarily provide an effactive tool
for immunization protection against ETIC and for epidemiological studies. Va
have constructed the recombinant plasmid pCiPyy of LTA-B (with 2.0 Xb LT-B
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sene fragments, see plate I-1), and obtained a level of expression siailar to
F.coll JMa3 (pCHP21). At the same time, because of the increase in the level

{ expression, the amcunt of LT-B antigen secreted to the exterior of the cell
is also increased correspondingly; for this reason, it is to be Loped that it
can be ussed in the construction of effective kinds of toxin vaccine strains.
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Results of Scuthern hybridization and resti.iction analysis of recombinant
plaszid pCiPa:.

A. Ethidium bremide stained gel.
a., Pstl-digested pCIPai LHA,
b. PstI-digested pJY:: DXNA.

3. Results of 3outhern hybridization of the same gel.

C. Result of restriction analysis of recombinant plasaid pCHP3:.
a, pCiP2i +pstl
Y. pCi?ar +Xbal
C. PCIP21 +BccRI + Ppstl
4. pUCe + Pstl
@, PC3Pax ¢ EcoRI + Pstl
£. pCiP21 + Pstl + Xdal
9. Lambda DNA + EcoRI - HindIIIl

Results of Chinese hamster ovary cell essay.

A. CI0 cells treated with X.coll JMea (pUCe) culture supernatant.

B. €30 cells treated with Z.coli JMes (pCRP231) culture supernacvant.

c. C20 cells treated with LT-antitoxin neutralized £.coll J¥aa (pCHP2:i)
culture supernataat.

Results of adult rabbit intestinal licazed loop assay.

A & Z. Intestinal segments injected with E.coll JM33(pCHPs:) culture

supernataat.

B. Intestinal seyment injected with JX.coli JMea (pUCs) culture
supernatast.

C. Intestinal segment injected with EK.coll 31¢50(pJYi1) culture

supernatant.
D&P. Iatestinal segment injected with FL.coll JN8)(pCHP2a) culture
superaatant.
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